







Two Dimensional Flowaround a Square Cy1inder 
at Low Reynolds Number 
-Effect of Channel Side-Wa11 and Cylinder Position一
Motoyoshi TACHIBANA and Michio MASAI 
(Received Aug. 31， 1998) 
The flow宣eldaround a square cylinder moving slowly wi出 aconstant velocity 
along the parallel to side-wa11s of channel was studied by血eflow visualization and 
the numerical ana1ysis. The effect of the channel side-wa11 and出ecylinder 
position to the flow field was discussed in the range of 0.05 '"-' 30 of Reynolds 
number (Re=BU/ v) and 2 '"-'5 of side-wall p紅ameter(h=H/B). It was found 
出atnumerical results of the flow fie1d agreed wi出 expぽimentalone.s From 
num町icalresults on the flow fie1d， we ca1culated fluid forces ac凶19on出esquare 
cylinder and c1arified their characteristics. Besides， we proposed a formula on the 
drag characteristic in Re=l '"-' 30 and h=2 '"-' 5. 


































D:ρU2Bで無次元化された抗力 D=Dp +DF 
Dp:Dの圧力に基く部分 (圧力抗力)
DF:Dの摩擦応力に基く部分(摩擦抗力)






CD :正方形柱の抗力係数 (Cv= 2 D) 
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C D = 2D . C L = 2L ( 8 ) 
の関係が成立する O
( 4 ) 
圃圃圃圃園田圃・
W叫貸主占~ -;:.'山が討す制蜘ゅーー..."'~~ニー-...._~ーーチ=一一 c，喝容さ芸家Z耳
Re = 0.05 
Re = 1.0 






























メータ a を、 0→ 0.5→1.5 (H 1 / H 2 : 1 / ]→
2/3→ 1/4 )と変化させたときの計算結果で、 a
の増加につれ、流れ場の非対称性は強くなり、 a








置パラメータ a の増加(0→ 0.5→1.0→l.5)と
共に、近接側壁側角部に近づき、正方形柱部分の
遠隔側壁側へ流線の膨らみが増加しているのが見





(b) h = 5---2 
図4 正方形柱まわりの流れ











(a) H [ / H 2= 2/:3， 114 
HI/H2ニ 1/1
HI/H2 = 2/3 
HI/H2二 1/4









:~~証一 Htf H'] = 1/1 
(a) H [/H 2 = 11 --1:3 
HrfH2 = 1/1 




出される。なお、図5・(b)と図6・(b)の H1/ I- 2 14の計算結果は同じものであるが、分IU支流線付
近での流線の刻みを変えたため、正方形柱後方の死水域内流線の状態が違ったものとなった。正方
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数値を付録に提示したo a図は抗力特性(CD -...Re-"'a)、b図は揚力特性(CL --Re--a)である。このよ
うな図示から、
(i) C Dは、 Reやhの増加と共に減少するo
(ii) C Dは、正方形柱の位置が中央からずれると、そのパラメータの増加と共に減少するが、
その効果は、 Reの増加と共に減少する。
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C1 = -0.1343 + 0.1046h -0.0125h
2 
、 ? ? ?
?
? ???， ?
C2 = -0.03242 + 0.02687h -0.00185h
2 
1 s Re s 30 
Ci(h)の値(黒丸印)と式(11)を、図 11に示した。正方形柱の抗力係数の数値解析結果(sim)と表示式
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Re a Dp DF D CD Lp LF L CL 
0.00 120.027 45.747 165.771 331.551 0.000 0.000 0.000 0.000 
0.10 114.015 37.973 151.998 303.975 2.797 -0.636 2.161 4.321 
1 0.17 101.143 36.243 137.391 274.772 3.883 -0.650 2.795 5.591 
0.25 85.025 31.820 116.845 233.690 4.231 -0.889 2.067 5.213 
0.30 75.834 29.153 104.987 209.974 4.167 -0.977 2.185 4.369 
0.00 60.290 23.181 83.471 166.941 0.000 0.000 0.000 0.000 
0.10 57.297 18.918 76.215 152.429 2.746 -0.059 2.687 5.374 
2 0.17 50.953 18.039 68.992 137.982 3.813 嶋0.183 3.648 7.296 
0.25 42.947 15.830 58.777 117.553 4.193 -0.422 3.771 7.542 
0.30 38.356 14.450 52.855 105.710 4.135 -0.610 3.525 7.050 
0.00 30.562 11.537 42.099 84.199 0.000 0.000 0.000 0.000 
0.10 29.194 9.326 38.520 77.040 2.585 0.184 2.769 5.537 
4 0.17 26.186 8.867 35.053 70.106 3.659 0.207 3.867 7.733 
0.25 22.260 7.770 30.030 60.059 4.068 0.113 4.181 8.363 
0.30 19.953 7.111 27.063 54.127 4.043 0.011 4.054 8.108 
0.00 13.110 4.474 17.584 35.168 0.000 0.000 0.000 0.000 
0.10 12.779 3.526 16.305 32.609 1.944 0.143 2.088 4.175 
10 0.17 11.859 3.328 1.5.186 30.373 2.965 0.205 3.170 6.339 
0.25 10.443 2.919 13.362 26.724 3.539 0.202 3.741 7.482 
0.30 9..515 2.676 12.191 24.382 3.631 0.169 3.801 7.601 
0.00 7.650 2.154 9.804 19.608 0.000 0.000 0.000 0.000 
0.10 7.595 1.620 9.215 18.429 1.318 0.031 1.349 2.699 
20 0.17 7.351 1.513 8.864 li.727 2.169 0.064 2.233 4.466 
0.25 6.821 1.330 8.150 16.300 2.886 0.092 2.978 5.956 
0.30 6.374 1.220 7.594 1.5.188 3.120 0.093 3.212 6.425 
0.00 5.947 1.386 7.332 14.66.5 0.000 0.000 0.000 0.000 I 
0.10 5.934 1.016 6.951 13.901 1.032 0.006 1.038 2.075 
30 0.17 5.586 0.940 6.796 13.592 1.7.54 0.019 1.773 3.545 
0.25 5.610 0.820 6.430 12.861 2.477 0.041 2.518 .5.036 
0.30 5.338 0.750 6.088 12.176 2.79.5 0.052 2.847 5.695 
232 
付表抗力と揚力(その 2-h=:3) 
Re a Dp DF D CD Lp LF L CL I 
0.00 32.558 17.398 49.9.57 99.914 0.000 0.000 0.000 0.000 
0.20 30.861 14.434 45.295 90.589 1.429 -0.190 1.239 2.477 
0.34 28.260 13.810 42.070 84.140 2.058 0ー.386 1.672 3.344 
0.50 24.959 12.251 37.210 74.420 2.3.57 0ー.713 1.643 3.287 
0.60 23.134 11.334 34.469 68.937 2.389 0ー.987 1.402 2.804 
0.00 16.441 8.647 25.088 50.175 0.000 0.000 0.000 0.000 
0.20 15.6.57 7.170 22.827 45.653 1.362 0.045 1.406 2.813 . 
2 0.34 14.414 6.831 21.246 42.491 1.987 0.013 2.001 4.001 
0.50 12.810 6.067 18.877 37.754 2.304 0ー.123 2.181 4.362 
0.60 11.906 5.621 17.527 3.5.053 2.350 -0.260 2.0ω 4.180 
0.00 8.513 4.300 12.813 25.625 0.000 0.000 0.000 0.000 
0.20 8.189 3.47.5 11.665 23.329 1.176 0.101 1.276 2.553 
4 0.34 7.666 3.31.5 10.981 21.962 1.771 0.131 1.902 3.805 
0.50 6.939 2.958 9.870 19.793 2.132 0.094 2.226 4.452 
0.60 6.500 2.752 9.252 18..504 2.216 0.032 2.248 4.496 
0.00 3.980 1.697 5.677 11.3.53 0.000 0.000 0.000 0.000 
0.20 3.941 1.317 5.258 10.515 0.668 0.028 0.69.5 1.391 
10 0.34 3.865 1.252 5.117 10.235 1.124 0.052 1.176 2.352 
0.50 3.688 1.129 4.818 9.63.5 1.564 0.071 1.63.5 3.269 
0.60 3.539 1.0.59 4.598 9.196 1.760 0.068 1.828 3.656 
0.00 2.610 0.832 3.442 6.883 0.000 0.000 0.000 0.000 
0.20 2.613 0.626 3.239 6.478 0.3.55 -0.003 0.3.52 0.704 
20 0.34 2.626 0.588 3.214 6.429 0.6.55 0.000 0.65.5 1.310 
0.50 2.615 0.52.5 3.140 6.280 1.057 0.012 1.068 2.137 
0.60 2.578 0.488 3.06.5 6.131 1.321 0.023 1.344 2.687 
0.00 2.184 0.541 2.725 5.4.51 0.000 0.000 0.000 0.000 
0.20 2.187 0.397 2.585 5.170 0.2.53 0ー.006 0.247 0.49.5 
30 0.34 2.209 0.367 2.576 5.1.51 OA76 0ー.007 0.469 0.938 
0.50 2.228 0.320 2..549 5.097 0.819 0ー.003 0.816 1.633 
0.60 2.226 0.293 2.519 I .5.038 1.085 0.006 1.090 2.180 
一一一
233 
付表抗力と揚力(その 3-h = 4) 
Re a Dp DF D CD Lp LF L CL 
0.00 1i.930 10.612 28.542 57.084 0.000 0.000 0.000 0.000 
0.30 1 i.094 8.852 25.946 51.892 1.068 0ー.056 1.012 2.025 
0.50 16.02i 8.424 24.451 48.901 1.552 -0.152 1.401 2.801 
0.75 14.537 7.654 22.191 44.382 1.852 -0.3i9 1.473 2.947 
0.90 13.i90 7.152 20.941 41.882 1.909 -0.591 1.318 2.636 
0.00 9.136 5.298 14.435 28.869 0.000 0.000 0.000 
0.30 8.i73 4.383 13.156 26.312 0.963 0.068 1.030 2.061 I 
2 0.50 8.301 4.175 12.476 24.952 1.428 0.065 1.493 2.985 
0.75 7.612 3.811 11.423 22.847 1.747 -0.011 1.736 3.473 
0.90 7.254 3.577 10.831 21.661 1.824 -0.112 1.712 3.423 
0.00 4.859 2.653 7.512 1.5.025 0.000 0.000 0.000 0.000 
0.30 4.738 2.151 6.889 13.778 0.712 0.064 0.776 1.552 
4 0.50 4.579 2.051 6.630 13.260 1.121 0.094 1.216 2.431 
0.75 4.305 1.893 6.198 12.39i 1.483 0.091 1.5i5 3.149 
0.90 4.146 1.792 5.937 11.875 1.609 0.055 1.664 3.328 
0.00 2.474 1.091 3.565 7.131 0.000 0.000 0.000 0.000 
0.30 2.470 0.861 3.331 6.661 0.291 0.004 0.295 0.590 
10 0.50 2.476 0.818 3.294 6.589 0.527 0.010 0.537 1.074 
0.75 2.461 0.761 3.221 6.442 0.883 0.026 0.909 1.819 
0.90 2.425 0.723 3.147 6.295 1.105 0.035 1.140 2.279 
0.00 1.740 0..554 2.294 4.58i 0.000 0.000 0.000 
0.30 1.i41 0.430 2.171 4.342 0.168 -0.002 0.166 
20 0.50 1.7.57 0.404 2.161 4.322 0.303 0ー.003 0.300 0.599 
0.75 1.784 0.370 2.1.5.5 4.309 0.542 0ー.003 0.538 1.077 
0.90 1.799 0.346 2.146 4.292 0.742 0.000 0.743 1.485 
0.00 1.497 0.363 1.860 3.721 0.000 0.000 0.000 0.000 
0.30 1.498 0.277 1.775 3.549 0.140 0.000 0.140 0.280 
30 0.50 1.512 0.257 1.769 3.538 0.253 0.000 0.253 0.506 
0.i5 1.538 0.231 1.769 3.538 0.445 0.000 0.444 0.888 
0.90 1.559 0.217 1.772 3.544 0.609 0ー.001 0.609 1.2~ j 
234 
付表抗力と揚力(その 4-h = 5) 
Re a Dp DF D CD Lp LF L CL 
0.00 12.656 7.818 20.474 40.949 0.000 0.000 0.000 0.000 
0.40 12.136 6.539 18.675 37.349 0.889 0.012 0.901 1.802 I 
0.67 11.443 6.208 17.651 35.302 1.3.57 0ー.045 1.312 2.623 
1.00 10.682 5.749 16.431 32.862 1.607 -0.195 1.411 
1.20 10.284 5.420 15.704 31.408 1.677 -0.367 1.310 2.620 
0.00 6.523 3.929 10.452 20.903 0.000 0.000 0.000 0.000 
0.40 6.323 3.254 9.57.5 19.151 0.~31 0.070 0.800 1.600 
2 0.67 6.046 3.100 9.146 18.293 1.168 0.089 1.257 2.514 
1.00 5.713 2.896 8.609 17.218 1.446 0.047 1.493 2.985 
1.20 5.532 2.750 8.282 16.565 1.542 -0.028 1.514 3.028 
0.00 3.576 2.005 5.581 11.163 0.000 0.000 0.000 0.000 
0.40 3.523 1.63.5 5.1.58 10.315 0.452 0.041 0.493 0.986 
4 0.67 3.462 1.567 5.030 10.060 0.805 0.071 0.876 1.752 
1.00 3.348 1.484 4.832 9.664 1.127 0.085 1.213 2.426 
1.20 3.267 1.423 4.689 9.379 1.286 0.070 1.357 2.714 
0.00 1.941 0.861 2.803 5.606 0.000 0.000 0.000 0.000 
0.40 1.941 0.689 2.631 5.262 0.1.57 抽0.003 0.1.54 0.309 
10 0.67 1.963 0.657 2.620 5.240 0.313 幅0.002 0.311 0.622 
1.00 1.988 0.622 2.610 5.220 0.544 0.005 0.549 1.098 
1.20 1.993 0.596 2.5卯 5.180 0.764 0.014 0.764 1.529 
0.00 1.413 0.448 1.860 3.721 0.000 0.000 0.000 0.000 
0.40 1.416 0.354 1.770 3.540 0.090 四0.005 0.086 0.171 
20 0.67 1.439 0.334 1.773 3.546 0.180 0ー.008 0.172 0.344 
1.00 1.470 0.314 1.784 3.568 0.317 -0.010 0.307 0.614 
1.20 1.497 0.297 1.794 3.587 0.459 -0.010 0.450 0.899 
0.00 1.231 0.29.5 1.526 3.052 0.000 0.000 0.000 0.000 
0.40 1.236 0.229 1.46.5 2.931 0.063 0ー.004 0.063 0.127 
30 0.67 1.2.57 0.214 1.471 2.943 0.140 0ー.007 0.133 0.266 
1.00 1.288 0.199 1.487 2.974 0.256 -0.008 0.249 0.497 
1.20 1.313 0.186 1.499 2.998 0.375 -0.008 0.368 0.736 
